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As	 far	 as	 property	 management	 is	 concerned,	 there	 is	 an	 increasing	 awareness	 of	 the	
importance	of	considering	the	cost	of	buildings	in	use	and	of	developing	financial	techniques	to	
evaluate	 the	 WLCC	 of	 building	 in	 use	 too.	 Every	 property	 requires	 an	 investment	 and	 each	
exploitation	process	 requires	management.	 For	 each	 type	of	 investor	 the	 goal	 has	 to	be	 clear	







typically	 performed	 under	 time	 constraint,	 limited	 budgets,	 tight	 cash	 flows	 and	 uncertainty	
using	 shared	 resources	 (22).	 Many	 projects,	 particularly	 large	 projects,	 evolve	 over	 long	




The	 operation	 of	 the	 residential	 property	 market	 is	 the	 focus	 of	 most	 public	 scrutiny	 in	





WLCC	 is	 a	 relatively	 new	 concept	 for	 the	 construction	 industry	 especially	 on	 property	
development	and	particularly	 for	Malaysia.	Establishing	and	defining	the	application	of	Whole	
Life	 Cycle	 Costing	 for	 the	Malaysian	 property	 development	 process	 is	 the	 specific	 aim	of	 this	
paper.	WLCC	 is	 rapidly	 becoming	 the	 standard	 guideline	 for	 the	 long	 term	 cost	 appraisal	 of	
buildings	and	civil	infrastructure	projects	(17).	
	
Construction	 Industry	 Development	 Board,	 (CIDB)	 (Malaysia)	 announced	 in	 Construction	
Industry	Master	 Plan	 2006‐2015	 that	 the	 construction	 industry	 has	 been	 under	 pressure	 for	
many	years	to	produce	economical	buildings	which	offer	value	for	money,	not	only	during	the	




However,	with	modern	 technological	 breakthroughs	 and	 responsible	manufacturers	 investing	
in	their	development,	the	situation	is	rapidly	changing	for	the	better.	Although	it	is	possible	to	
claim	 that	 buildings	 are	 sustainable,	 for	 a	 holistic	 evaluation	 of	 the	 environmental	 impact	 a	






being	 constructed	 to	 overcome	 that	 condition.	 Property	 managers	 are	 forced	 to	 make	 cost	








operation	 and	 maintenance	 quality	 to	 predict	 WLCC	 or	 even	 operation,	 maintenance	 and	
rehabilitation	costs,	would	be	valuable	tools	for	property	managers,	developers	and	surveyors.	
	
In	 practice,	 several	 problems	 or	 deficiencies	 have	 been	 identified	 in	 connection	 with	 both	
estimating	the	future	cost	and	tracking	the	historical	cost	behaviour	of	products,	customers	or	
other	 cost	 items	 over	 a	 long	 period	 (7).	 Plezeter	 (24)	 has	 found	 that	 more	 than	 half	 of	
companies	 do	 not	 have	 specific	 decision	 support	 system	 for	 their	 investment	 planning.	
Naturally,	 the	 long	 term	 cost	 structure	 is	 essentially	 dependent	 on	 the	 type	 of	 material	 in	
question,	but	overall	effective	cost	management	covering	the	entire	life	cycle	of	products	is	very	
important	for	the	organization.	Quite	recently,	the	organization	has	increasingly	struggled	with	
high	 cost	 associated	 with	 using	 products,	 which	 has	 resulted	 in	 demands	 to	 lower	 product	
quality	 and	 overall	 utilization	 rate	 of	 many	 products	 (2).	 According	 to	 previous	 studies,	 the	
design	decisions	are	evaluated	by	individual	house	owners	based	on	the	value	provided	for	the	




been	 invested	 in	 low	 cost	 multi	 storey	 residential	 property	 projects,	 a	 major	 concern	 for	
decision	makers	 is	 the	on‐going	maintenance	costs	 for	 the	 residential	property	developments	
(13,20,26,27).	With	little	attention	paid	on	what	happens	during	the	life	span,	it	is	no	surprise	
that	most	public	residential	property	development	management	face	lack	of	budgeting	for	OMR	
costs	 of	 building	 components	 (26).	 Based	 on	 the	Malaysian	 construction	 industry,	 residential	
property	 development	 contributes	 more	 than	 5‐6.5%	 to	 a	 major	 amount	 of	 the	 nation’s	
economy	per	annum	(8,12,19).	It	is	well	established	that	construction	industry	is	the	first	to	be	
affected	during	economic	downturn	and	the	last	to	make	progress	when	the	economy	recovers.	
















(23),	which	he	expounded	 the	 level	 of	 influence	 concept.	This	denote	 that	 ability	 to	 influence	
cost	decreases	continually	as	the	project	progresses	from	100%	at	project	sanction,	to	typically	
20%	or	less	by	the	time	construction	starts.	The	point	of	Paulson’s	argument	is	that	the	greater	






building	and	civil	 engineering	construction	 industry,	 the	capital	 cost	of	 construction	 is	almost	






The	 essential	 problem	 in	 evaluating	 projects	 over	 time	 is	 that	 the	 money	 has	 a	 time	 value.	
Reflecting	 of	 this	 scenario,	 economic	 and	 value	 must	 also	 be	 taken	 into	 account	 in	 the	
evaluation.	 From	 a	 practical	 point	 of	 view,	 the	 analytical	 solutions	 are	 delicate	 and	must	 be	
interpreted	 with	 care.	 Therefore,	 the	 evaluation	 that	 should	 be	 considered	 must	 involved	
mixture	of	art	and	science.	In	order	to	appreciate	that	condition,	the	WLCC	has	been	chosen	as	







the	 most	 prominent	 LCC	 methods	 (3)	 and	 then	 enhance	 by	 Kirkham	 and	 Boussabaine	 (17),	
known	as	WLCC	methods	are	 intended	 to	be	used	 to	 support	design	decision	making,	 from	a	
client’s	 perspective.	 As	 from	 manufacturer’s	 perspective,	 Dunk	 (10)	 presents	 motivational	
factors	for	using	WLCC:	manufacturers	with	a	strong	customer‐focus	may	recognize	WLCC	as	a	
customer	 service	 leading	 to	 competitive	advantage.	However,	 the	ability	of	 a	manufacturer	 to	
perform	WLCC	is	affected	by	the	quality	of	information	available.	
	
Moreover,	 the	 traditional	settled	economic	and	social	order	was	 turning	 into	something	more	
sophisticated	 and	 dynamic	 and	 the	 project	 themselves	 were	 of	 an	 increasing	 technological	
complexity	 and	 innovation.	 These	 are	 other	 reasons	why	 this	 approach	 should	 be	 taken	 into	
consideration	 for	 the	 property	 development	 process.	 Bryan	 (7)	 stated	 that	 there	 are	 two	
reasons	why	this	approach	should	be	considered.	They	are;	
i. The	people	 commissioning	 large	projects	were	 increasingly	 cost	 conscious,	 being	either	
industrialists	 concerned	 with	 profitability,	 government	 bodies	 concerned	 with	
accountability,	or	joint	stock	companies	concerned	with	both.		




A	 review	 of	 current	 and	 recently	 published	 research	 found	 that	 considerable	work	 has	 been	
done	on	 the	areas	of	 service	 life	planning,	 life	 cycle	 costing,	 activity	based	costing,	WLCC	and	
property	 management.	 The	 empirical	 research	 also	 focuses	 their	 studies	 towards	 building	
conditions.	 Implementation	 of	WLCC	 and	 how	 it	 can	 be	measured	 in	 construction	 phase	 of	 a	
construction	project	is	similarly	well	documented.	It	was	found	however,	that	little	research	has	
been	 carried	 out	 on	 how	 to	 measure	 the	 WLCC	 towards	 the	 materials,	 OMR	 phases	 of	 a	
building’s	 life.	Furthermore,	no	 substantial	body	of	work	exists	 that	 thoroughly	 computes	 the	
implementation	of	WLCC	over	the	property	development	building.	Even	though,	there	has	been	
one	 study	on	 implementing	WLCC	on	 the	 residential	property,	 but	 they	only	 focus	at	 the	end	
which	is	towards	the	energy	consumption	of	the	residential	property	which	is	only	a	part	of	the	





























Life	Cycle	Cost	 All	 significant	 costs	 of	 ownership	 over	 the	
economic	life	of	an	asset.	
Dell’	Isola	&	Kirk	(1981)	






















Consideration	of	 the	 costs	 associated	with	 the	
whole	 building	 life	 and	 not	 just	 the	 period	 of	
economic	interest.	
Bourke	&	Davies	(1999)	





The	 systematic	 consideration	 of	 all	 relevant	
costs	 and	 revenues	 associated	 with	 the	
acquisition,	 use,	 maintenance,	 and	 disposal	 of	
an	asset.	








Documentary	 information	 is	 uses	 to	 study	 and	 identify	 past	 decision	 made,	 information	 on	






















to	 obtain	 all	 the	 data	 on	 the	 schedule	 basis.	 In	 verifying	 the	 PM	 understands	 the	 property	
development	process,	existing	policies	and	procedures	must	be	examined.	All	 the	 information	





The	 historical	 data	 must	 be	 collected	 throughout	 all	 the	 related	 property	 development.	
Basically,	the	challenges	of	collecting	the	historical	data	are	the	validity	of	the	data,	accessibility	
of	the	data,	the	availability	of	the	historical	records	and	the	accuracy	of	the	source.	In	regards	to	








as	 construction	 documents	 and	 specifications,	 AutoCAD	 Drawing,	 finishes	 schedules	 and	
purchase	invoice	must	be	reviewed	deeply	and	critically.		
	
Those	 documents	 provided	 the	 information	 regarding	 the	 building	 components,	 the	 type	 of		
material	 used,	 the	manufacturers,	 initial	 cost,	 total	 area	 for	 each	material	 been	 used	 and	 the	






will	 be	 collected.	 For	 each	 component,	 manufacturer’s	 technical	 specification	 data	 sheets	











Based	 on	 the	 previous	 studies,	 it	 appears	 that	 the	 WLCC	 can	 be	 implemented	 with	 several	




an	estimated	WLCC.	This	 is	 then	used	 in	comparing	the	component	alternatives.	At	 this	stage,	





All	 the	building	 cost	data	of	 the	property	development	must	be	determined	as	 clear	 as	PM	 is	
concerned.	 The	 appropriate	 and	 correct	 data	 will	 help	 in	 identifying	 the	 best	 result	 of	 this	
approach.	WLCC	of	the	property	development	is	the	sum	of	all	costs	incurred	by	the	facility	over	













OMR	 costs	 data.	 To	 overcome	 any	 uncertainties,	 a	 more	 detailed	 analysis	 is	 then	 must	 be	






There	 are	 too	 many	 things	 to	 be	 determined	 on	 building	 service	 life	 costs	 as	 it	 is	 the	 most	
critical	and	difficult	costs	to	determine.	As	the	best	reference	that	can	be	used	to	establish	the	
building	 service	 life	 costs	 is	 the	 ‘Cost	 and	 Planning	 Manual’	 provided	 by	 the	 property	
development	 management	 team	 themselves	 and	 ‘Costing	 Manual’	 provided	 by	 Ministry	 of	
Works	Malaysia.	
	
Amaratunga,	 et.	 al.,	 (3)	 mentioned	 that,	 the	 sensitivity	 analysis	 is	 the	 best	 approach	 to	





The	 service	 life	 system	 for	 building	 has	 been	 classified	 to	 three	 types	 of	 service	 life	 systems	
which	 are	 design	 service	 life	 (DSL),	 actual	 service	 life	 (ASL)	 and	 predicted	 service	 life	 (PSL).	
According	to	(2,3,10)	the	more	durable	and	better	maintained	a	building	or	its	component,	the	












values	 rather	 than	 assumed	 values	 can	 be	 used	 as	 a	 benchmark	 for	 the	 factorial	 scores.	 The	
formulae	for	the	building	component	assumption	service	life	as	stated	in	equation	1.	
	














Arditi	 &	Messiha	 (4)	 pioneered	 the	 recommendation	 that	 all	WLCC	 calculations	 should	 be	 in	
constant	year	dollar	(Malaysian	Ringgit	(RM)	in	respect	to	the	country	involved)	and	a	discount	






Several	 models	 or	 indices	 exist	 to	 convert	 current	 year	 RM	 into	 constant	 RM.	 The	 property	
development	economic	model	was	selected	over	other	indices,	such	as	Building	Material	Price	
Index	and	Consumer	Price	Index.	As	one	of	the	most	important	items	in	cost	data,	particularly	




undertaken	 during	 a	 specified	 period,	 it	 is	 possible	 to	 evaluate,	 to	 an	 acceptable	 degree	 of	








Property	development	WLCC;	 	 	 	 	 	 	 	 	




















Even	 though	 PM	 already	 determined	 the	 property	 developments	 costs,	 but,	 the	 annual	
equivalent	costs	are	also	important	to	be	determined.	This	annual	equivalent	costs	will	help	to	
determined	 how	 building	 component	 costs	 appreciate	 with	 each	 other,	 how	 they	 compare	
within	categories,	and	how	to	evaluate	the	impact	of	factors	such	as	quality	or	usage.	It	is	more	
useful	 to	 convert	 WLCC	 to	 date	 into	 annual	 equivalent	 costs.	 As	 an	 equivalent	 annual	 cost	
method	 is	 a	 standard	 economic	 analysis	 that	 presents	 all	 initial	 costs	 and	 recurring	 costs	 as	
equal	 annual	 payments	 over	 a	 specified	 analysis	 period	 taking	 into	 account	 the	 time	value	of	






























In	 practise,	 estimating	 the	 discount	 rate	 is	 not	 a	 straightforward	 matter.	 Most	 of	 the	 public	
projects	and	private	projects	are	 financed	by	more	 than	one	budget	source.	The	choice	of	 the	
discount	rate	is	one	of	the	most	debateable	topics	in	this	research.	The	Principles	discount	rate	








From	 existing	 literature	 review	 and	 based	 on	 the	 pilot	 study	 conducted	 at	 the	 outset	 of	 this	
study,	 it	 is	 essential	 to	 explore	 and	 identify	 the	 application	 of	 WLCC	 in	 Malaysia	 property	
development.	WLCC	will	bring	more	advantages	 than	disadvantages	 to	 the	property	manager,	
thus,	 ways	 to	 enhance	WLCC	 should	 be	 implemented	 in	 the	Malaysia	 property	 development	
sector.	By	exploring	the	application	of	WLCC,	this	will	assist	property	managers,	to	manage	the	
WLCC	 of	 the	 Malaysia	 property	 development	 sector.	 Subsequently,	 by	 explaining	 this	
application,	 it	 is	projected	that	all	 the	necessary	 indicators	of	the	application	could	be	used	to	
conceive	new	prerequisites	 for	Malaysia	 property	 development	 policies.	 In	 this	way,	 decision	
makers	 will	 have	 more	 knowledge	 about	 the	 expenditure	 and	 the	 budget	 allocations	 of	 the	






Applications	 in	 Buildings.	 Proceeding	 of	 the	 8th	 International	 Conference	 on	
Durability	of	Building	Materials	and	Components.	National	Research	Council.	Ottawa.		
[2] Amadi‐Echendu,	 J.E.,	 2004.	 The	 paradigm	 shift	 from	 maintenance	 to	 physical	 asset	
management.	IEEE	Transactions	on	Engineering	Management	(in	press).		










[9] DTI	 (Bourke,	 K.	 et	 al),	 2005.	 Achieving	Whole	 Life	 Value	 in	 infrastructure	 and	 buildings.	
United	Kingdom:	BRE	Bookshop.	
[10] Dunk,	 A.S.,	 2004.	 Product	 life	 cycle	 cost	 analysis:	 the	 impact	 of	 customer	 profiling,	
competitive	 advantage,	 and	 quality	 of	 IS	 information.	Management	 Accounting	 Research,	
15(4),	401‐414.	





Malaysia	 (With	 Reference	 To	 Urban	 Management	 and	 Housing	 Approval	 System.	 	 Ph.D.	
Thesis:	University	of	Tokyo,	Japan.	
[14] Holmes,	R.,	1990.	Operational	Feedback‐An	Evaluation	of	Data	 for	Maintenance	










[18] McGeorge,	 D.	 &	 Palmer,	 A.,	 1997.	 Construction	 Management	 New	 Directions.	 Blackwell	
Science	Ltd.,	Oxford.		
[19] Mohd	 Talhar,	 A.R.,	 2004.	 Johor	 Property	 Investment	 Outlook	 and	 Redefining	 Property	
Development	Strategies	and	Portfolios	for	Competitiveness	in	Real	Estate	Investment.	The	
Proceeding	 of	 Johor	 Property	 Investment	 Outlook	 2004	 and	 Beyond:	 Monetising	 Assets,	
Balancing	 Supply	 and	 Demand.	 Johor	 Bahru.	 Malaysia:	 Institute	 of	 Sultan	 Iskandar,	
Universiti	Teknologi	Malaysia.	
[20] Mohd.	 Fadzil,	 M.	 K.,	 2005.	 Isu	 dan	 Cabaran	 Dalam	 Pembangunan	 Hartanah	 (Translation:	
English:	 Issues	 and	 Challenges	 in	 Property	 Development).	 Seminar	 Kebangsaan	
Perancangan	dan	Pembangunan	2005.	Majlis	Perbandaran	Sepang.	1	Jun	2005.	




[23] Paulson,	B.,	 1976.	Designing	 to	 reduce	 construction	 cost.	 Journal	of	Construction	Division,	
ASCE,	104(4),	587‐592.	
[24] Pelzeter,	 A.,	 2006.	Lebenszykluskosten	 von	 Immobilien	–	Einfluss	 von	Lage,	Gestaltung	und	
Umwelt	(Translation:	English:	Life	cycle	cost	of	real	estate	‐	the	influence	of	location,	design	
and	environment).	Ph.D.	Thesis,	European	Business	School,	Oestrich‐Winkel.	
[25] Rosenberg,	M.S.,	 2000.	 The	 bearing	 correlogram:	 A	 new	method	 of	 analyzing	 directional	
spatial	autocorrelation.	Geographical	Analysis,	32(3),	267‐278.	
[26] Tapsir,	 S.H.,	 2001.	 Final	 Report:	 Affordable	Housing	 Research	 Project	 –	 Life	 Cycle	 Costing	
Approach	 for	 Residential	 Housing	 in	 Malaysia	 Phase‐1.	 Ministry	 of	 Housing	 and	 Local	
Government,	Malaysia,	pp.65‐72,	2001.	
[27] Tapsir,	 S.H.	 and	 Usman,	 F.,	 2005.	 Strategy	 For	 Sustainability	 in	 Affordable	 Housing	 ‐	 A	
Challenge	 to	 Malaysian	 Construction	 Industry.	 The	 2005	 World	 Sustainable	 Building	
Conference.	Tokyo.	
[28] Tucker,	 S.,	 1990.	 Housing	 Portfolio	 Costs	 Analysis.	 Building	 Economics	 and	 Construction	
Management,	 CIB	 90.	 International	 Council	 for	 Building	 Research	 Studies	 and	
Documentation.	University	of	Technology,	Sydney,	Australia.	3,	204‐214.	
	
	
